Behavioral and psychological symptoms of dementia in relation to level of cognitive impairment.. 
Introduction
Dementia is a disorder characterized by multiple cognitive deficits. It is usually progressive and irreversible, and the most common forms are Alzheimer's type dementia and vascular dementia (American Psychiatric Association, 2000) . In addition to cognitive decline, many of those with dementia exhibit some behavioral or psychological symptoms, e.g. aggressive or aberrant motor behavior, depression or hallucinations, at some time during the course of the disorder. The prevalence of such symptoms has been estimated to be between 79% and 92% (Brodaty et al., 2001; Margallo-Lana et al., 2001) . The behavioral and psychological symptoms of dementia (BPSD) cause much suffering for both the persons afflicted and their relatives and caregivers (Black and Almeida, 2004; Shin et al., 2005) .
Various authors have proposed groupings of symptoms, and the distinctions between hyperactivity, psychosis, mood disturbances and apathy are fairly consistent (Mirakhur et al., 2004; Robert et al., 2005) . Furthermore, many studies have investigated the prevalence of various symptoms along the line of progression of the dementia disorder. Apathy seems to be increasingly common as the dementia worsens (Mega et al., 1996; Spalletta et al., 2004; Shimabukuro et al., 2005; Selbaek et al., 2007) . Aggressive behavior and aberrant motor behavior have also been found to correlate with increasing cognitive impairment (Mega et al., 1996; Harwood et al., 2000; Eustace et al., 2002; Holtzer et al., 2003; Suh and Kim, 2004; Engelborghs et al., 2005; Piccininni et al., 2005; Shimabukuro et al., 2005; Selbaek et al., 2007) , but some studies have found a reduction of such behavior in the most severe stages (Sclan et al., 1996; Holtzer et al., 2003) . There is no general agreement concerning hallucinations about whether there is a relationship with the level of cognitive impairment (Sclan et al., 1996; Harwood et al., 2000; Eustace et al., 2002; Suh and Kim, 2004; Craig et al., 2005; Piccininni et al., 2005; Selbaek et al., 2007) or not (Mega et al., 1996; Holtzer et al., 2003; Spalletta et al., 2004; Engelborghs et al., 2005; Shimabukuro et al., 2005; Lam et al., 2006) . The findings regarding depressive symptoms are similar: some authors have found an increased prevalence with increased deterioration of dementia (Mega et al., 1996) , some have found a decreased prevalence in severe dementia (Sclan et al., 1996; Holtzer et al., 2003) , while many have not found any correlation (Harwood et al., 2000; Suh and Kim, 2004; Craig et al., 2005; Engelborghs et al., 2005; Piccininni et al., 2005; Shimabukuro et al., 2005; Selbaek et al., 2007) . Finally some studies have found almost no correlation at all between behavioral and psychological symptoms and the level of cognitive impairment (Spalletta et al., 2004; Lam et al., 2006) .
The picture of the symptoms also differs depending on type of dementia, e.g. hallucinations are more common in dementia with Lewy bodies while depression and emotional lability are more common in vascular dementia (Engelborghs et al., 2005; Chiu et al., 2006) .
Studies that have investigated the relationship between behavioral and psychological symptoms and the level of cognitive impairment have hitherto been carried out only in small populations, and do not have the statistical power to investigate more exactly the relationship between the level of cognitive impairment and the probability of certain symptoms occurring. The aim of the present study was to describe the probability of the occurrence of BPSD in relation to the level of cognitive impairment.
Method

Material
The current analysis is based on two cross-sectional questionnaire surveys performed in 1982 and 2000 respectively in the county of Västerbotten in northern Sweden. The two surveys used the same methodology and the same questionnaire.
When the first investigation was conducted, the population in the area was 245,000, of whom 38,000 (15.5%) were older than 65 years, while by the time of the second investigation the population had increased to approximately 256,000 people, of whom 44,000 (17.2%) were aged 65 years or older.
The number of people living in institutions providing geriatric care (nursing homes, residential care units, group dwellings for people with dementia, short-stay/rehabilitation units, somatic geriatric wards/somatic long-stay wards, psychogeriatric wards/long-stay wards (Kallin et al., 2004) ) was 3910 in 1982 and 4357 in 2000. The response rate was 92.3% and 87.3% respectively, rating 3607 and 3804 individuals respectively. Those who were younger than 65 years or for whom no age was registered were excluded from the analysis. Out of 3195 people from 1982 and 3669 from 2000, those who had a cognitive score that indicated cognitive impairment were selected. Thus 1369 persons were selected from the 1982 survey and 2035 from the 2000 survey, giving a total of 3404 people.
The study was approved by the Ethics Committee of the Faculty of Medicine at Umeå University (registration number 00-170).
Procedures
The assessments were made using the Multi-Dimensional Dementia Assessment Scale (MDDAS) (Sandman et al., 1988 ). The scale measures the level of functioning in activities of daily living (ADL), cognition and behavioral and psychological symptoms and also includes a registration of current drug prescriptions. The MDDAS has good inter-and intra-rater reliability (Sandman et al., 1988) .
A form was sent to all the care settings, and the staff were asked to complete and return it to the researchers. The staff received written instructions about how to carry out the assessments and were informed that members of the research team could be contacted by phone to answer questions or provide additional guidance. The member of staff who knew the resident best was asked to fill in the assessment scales. Staff members were instructed that their assessments should be based on observations of the resident's state during the preceding week.
Cognitive impairment was measured using a sub-scale developed by Gottfries and Gottfries (Adolfsson et al., 1981) . The scale consists of 27 items measuring a person's level of cognitive functioning. A score of less than 24 is considered to indicate cognitive impairment, which correlates with a sensitivity of 90% and a specificity of 91% (Adolfsson et al., 1981) to the cut-off point 24/30 traditionally used in the Mini-mental State Examination (MMSE) (Folstein et al., 1975 ).
An ADL score was calculated based on the resident's ability to cope with dressing, hygiene, eating and bladder and bowel control. All ADL categories score 1-5, except that for bladder control, which scores 0-4. Hence the ADL score varies from 4 to 24, where a higher score indicates greater ADL independence.
The MDDAS contains 25 behavioral items and 14 psychological symptom items, which have been described in depth earlier (Sandman et al., 1988) . Each item is rated on a three-point scale, indicating whether the symptom or behavior occurs at least once a day, once a week or never. The variables are dichotomized between at least once a week and less than once a week.
Statistics and calculations
The behavioral and the psychological symptom items of the MDDAS were reduced to fewer factors by means of a principal component analysis with a Varimax rotation. Factors with eigenvalues of above 1.00 were extracted, producing factors that conveyed meaningful information. The result is presented in Table 2 . The first column shows the number of persons assessed as having displayed the behavior or symptom at least once a week. Each item is presented under the factor to which it loaded most. The model explained 53.4% of the total variance. The mean value of the items with a factor loading above 0.5 was calculated for each factor and the groups of variables were tested for internal consistency using Cronbach's α analysis. The α values ranged from 0.465 to 0.800. The mean value of each factor was then plotted to investigate the relationship with level of cognitive impairment, and polynomial regression lines were fitted to the data (Figure 1) . The x axis is the cognitive score (ranging from 23 to 0), the y axis is the mean value of each factor, multiplied by 100 for convenience. First-, second-and third-degree terms were entered into a multivariate linear regression for each factor, and significant coefficients (p < 0.05) were used in the final regression model.
All data processing and statistical calculations were performed using the Statistical Package for Social Science SPSS R version 11.0 for Mac OS X and Microsoft R Excel R version 10.3.
Results
The basic characteristics of the population are presented in Table 1 . The factor analysis produced nine factors, presented in Table 2 . Based on the contributing items the factors were labeled as wandering behavior, aggressive behavior, 82.8 ± 6.8 ADL score (4-24) mean ± SD 13.3 ± 6.1 Cognitive score (0-27) mean ± SD 10.5 ± 7.3 Walks independently, n (%) 1306 (39.7) Can rise from chair, n (%) 1936 (56.9) Impaired vision, n (%) 642 (18.9) Impaired hearing, n (%) 428 (12.6) Group dwelling, n (%) 608 (17.9) Nursing home, n (%) 1179 (34.6) Rehabilitation/short-stay unit, n (%) 29 (0.9) Residential care, n (%)
1108 ( restless behavior, verbally disruptive/attention-seeking behavior, regressive/ inappropriate behavior, passiveness, hallucinatory symptoms and depressive symptoms. One factor consisted of only one item with a loading over 0.5, i.e. "Lies in other patient's beds." Since only 8.0% presented that symptom, the item was excluded from the subsequent analysis. For each cognitive score the number of people assessed ranged from 99 to 159, except for 0 points where 194 people were assessed. Polynomial regression curves were fitted to the data (see Figure 1 and Table 3 ). The patterns were very similar for both data collections when analyzed separately (data not shown). The passiveness factor had an almost linear correlation to the level of cognitive impairment (r 2 = 0.237). Non-linear correlations were found for aggressive behavior (r 2 = 0.057), wandering behavior (r 2 = 0.065), restless behavior (r 2 = 0.143), verbally disruptive/attention-seeking behavior (r 2 = 0.099) and regressive/ inappropriate behavior (r 2 = 0.058). Still non-linear but weaker correlations were found for hallucinatory symptoms (r 2 = 0.021) and depressive symptoms (r 2 = 0.029). A consistent pattern was found in that the behavior or symptom was most common in the middle of the range of cognitive scores. The peak prevalences of wandering behavior and verbally disruptive/ attentionseeking behavior occurred at a higher cognitive score than aggressive behavior and restless behavior. All behaviors and symptoms, apart from passiveness, showed a decrease in prevalence in the lowest scores, corresponding to the final stages of dementia. This was most obvious for verbally disruptive/attentionseeking behavior. Table 2 . Factor analysis of behavioral and psychological symptoms Factor labels are printed in italics.
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An item that did not contribute more than 0.5 to any of the factors is sorted under the factor to which it had the highest loading.
3
Factors are tested for internal validity using Cronbach's α analysis.
Figure 1.
Behavioral and psychological symptoms in relation to level of cognitive impairment. BPSD item (100 × mean of sum of contibuting factors) in relation to cognitive score, from 23 (mild cognitive impairment) to 0 (severe cognitive impairment). Polynomial regression curves are fitted to the data. Regression coefficients are presented in Table 3 . Table 3 . Regression curve characteristics of behavioral and psychological symptoms in relation to level of cognitive impairment Note: The data in this table correspond to the diagrams in Figure 1 .
Discussion
This study is, to the best of our knowledge, the first to explore the correlation between cognitive level and the prevalence of BPSD in a sample large enough to describe the non-linear relationships in more detail. The study confirmed that apathy, or passiveness, is common and correlates strongly to the severity of cognitive impairment. The correlation between all the other factors of BPSD and the level of cognitive impairment was found to be significant and non-linear with the highest prevalence rates occurring at the middle stages of cognitive impairment. The findings were largely in agreement with those reported in the current literature, thus confirming earlier findings on the correlation between symptoms and cognitive level (Mega et al., 1996; Sclan et al., 1996; Harwood et al., 2000; Eustace et al., 2002; Holtzer et al., 2003; Spalletta et al., 2004; Suh and Kim, 2004; Craig et al., 2005; Engelborghs et al., 2005; Piccininni et al., 2005; Shimabukuro et al., 2005; Selbaek et al., 2007) . Furthermore, the current findings also agree with common clinical experience.
The prevalence of the behaviors and symptoms declined in those with severe cognitive impairment. This could possibly be due both to reduced language and communication ability (e.g. in verbally disruptive/attention-seeking behavior) and to increasing difficulty on the part of the staff in interpreting symptoms of, for example, hallucinations. In late-stage dementia motor functions become affected and this could contribute, of course, to the reduced prevalence of certain behaviors, such as wandering and restlessness.
One important clinical implication of the finding that the prevalence of behavioral and psychological symptoms varies along with cognitive decline is that pharmacological treatment with, for example, anti-psychotics (Lövheim et al., 2006) needs to be regularly evaluated to check that the indication for treatment remains.
While most other studies have divided their sample into three groups (mild, moderate and severe dementia) or have investigated the linear correlation, our study with 24 different levels of cognitive impairment can describe the relationship more exactly. Sample sizes that are too small and groups that are too broad have probably contributed to the earlier, inconclusive findings regarding depressive symptoms and hallucinations in dementia. The statistical power of our study was good and the number of people assessed at each one of the 24 possible scores on the cognitive scale ranged from around 100 to just over 150. At zero points nearly 200 people were assessed, indicating a floor effect of the scale. The instrument itself has previously been shown to have good, but not excellent, reliability. Uncertainties were, however, statistically compensated for by the large sample size. The use of data from 1982 is defensible mainly because it added another 1000 people to the investigation, and because dementia disorder supposedly was the same in 2000 as it was in 1982.
Most other studies have used either the BEHAVE-AD scale or the Neuropsychiatric Inventory (Cummings et al., 1994) . The use of a different scale (the MDDAS; Sandman et al., 1988) in this study might, therefore, add new aspects to this research field, although it is obviously a weakness when it comes to comparability. Knowledge about non-cognitive aspects of dementia is still growing fast, and it is too early to restrict research to one single classification or diagnostic tool. This is reflected by the absence of these symptoms in the diagnostic manuals (American Psychiatric Association, 2000) .
This study has some limitations. The prevalences presented were one-week prevalences and since many symptoms and behaviors tend to fluctuate, the probability of a symptom occurring in a person at some stage during the cognitive decline is probably higher. The prevalence rates were probably further affected by the fact that these behavioral and psychological symptoms might increase the risk of institutionalization. The selection effect has thus probably generated higher prevalence estimates than in a general population. Changes in the pharmacological and non-pharmacological treatment of behavioral and psychological symptoms might also have affected the prevalences, and have to be taken into account when interpreting the findings. The efficiency of the pharmacological treatment options available is modest, however (Schneider et al., 2006) ; their influence was therefore judged to be small. For a more profound discussion on pharmacological treatment and the differences between 1982 and 2000, see our earlier work (Lövheim et al., 2006; 2008) . Another drawback is that no diagnosis of dementia was recorded, and the inclusion was based solely on the score of the Gottfries cognitive scale. However, the majority of those included in the study probably had a dementia disorder.
Conclusion
The relations between BPSD and level of cognitive impairment were non-linear, with higher prevalence rates in the middle stages of dementia, apart from the symptom of passiveness, which increased almost linearly with the severity of cognitive impairment.
